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1. Introduction  
,W LV UHODWLYHO\ HDV\ IRU FRPSDQLHV WR LQVXUH WKHPVHOYHV
DJDLQVW ULVNVVXFKDV OLWLJDWLRQRUDGDPDJHFDXVHGE\VWRUP
+RZHYHU WKH ULVNRID ODFNRI LQQRYDWLRQFDQQRWEH LQVXUHG
QHLWKHUIRUODXQFKLQJQHZSURGXFWVWRRODWHRQWKHPDUNHW,Q
UHFHQW \HDUV SURGXFW OLIH F\FOHV FRQWLQXH WR VKRUWHQ DQG WKH
JOREDO SUHVVXUH RQ LQQRYDWLRQV NHHSV ULVLQJ %LJ FRPSDQLHV
FDQ DIIRUG LQYHVWLQJ LQWR WKLQN WDQNV DQG VSHFLILF FUHDWLYLW\
GHSDUWPHQWVWRGHYHORSQHZSURGXFWVZLWKLQERWKDYHU\VKRUW
OHDGWLPHDQGDKLJKGHJUHHRILQQRYDWLYHQHVV&RQWUDU\HYHQ
OHDGLQJ QLFKH VPDOO DQG PHGLXPVL]HG HQWHUSULVHV 60(V
ZKLFKDUHRIWHQHPEHGGHGLQWKHLUORFDOHQYLURQPHQWFDQQRW
DIIRUGWRGRWKHVDPHDVUHVRXUFHVDUHMXVWQRWVXIILFLHQW
2QH SRWHQWLDO VROXWLRQ LV DQ H[WHUQDO LGHDWLRQ VSDFH
FRPSOHPHQWHG E\ FRDFKLQJ DQG ERRNDEOH IRU D IHZGD\V LQ
RUGHUWRVXSSRUW60(VLQLGHDWLQJQHZFRQFHSWVIRUSURGXFWV
DQG VHUYLFHV +RZHYHU DV ZH GLVFRYHUHG HYHQ ERRNLQJ DQ
LGHDWLRQZRUNVKRSUHTXLUHVKLJKFRPPLWPHQWE\WKH60(VDV
WKHLURSSRUWXQLW\FRVWVDUHHVVHQWLDOIRUWKHLUEXVLQHVVHV
,Q 6ZLW]HUODQG WKH ILUVW LGHDWLRQ VSDFH RI WKLV NLQG KDV
RSHQHG LWV GRRUV UHFHQWO\ ,W LV ORFDWHG LQ D UHIXUELVKHG
PHGLHYDO FDVWOH RQ D KLOO FORVH WR WKH FLW\ FHQWUH RI 7KXQ
FRPSULVLQJ VHYHQ URRPV DQG WKH HQYLURQPHQW RI WKH FDVWOH
LWVHOI7KHHVWDEOLVKPHQWRIWKHLGHDWLRQVSDFHDQGWKHUXQQLQJ
RI LGHDWLRQ ZRUNVKRSV DUH HOHPHQWV RI D UHVHDUFK SURMHFW
DLPLQJ DW LQYHVWLJDWLQJ WKH LPSDFW RI LWHUDWLRQV LQ WKH IX]]\
IURQWHQGRI60(V¶SURGXFWGHYHORSPHQWSURFHVVHV3'3VRQ
WKHLU LQQRYDWLRQ FDSDELOLW\ 7KH SURJUHVV RI WKH UHVHDUFK
SURMHFW DQG UHVXOWV IURP SUHOLPLQDU\ ZRUNVKRSV KDYH EHHQ
GHVFULEHGE\+HFNHWDO>@DQG$O)DORXHWDO>@
%DVHG RQ WKHVH UHVXOWV WKLV SDSHU DLPV DW LQYHVWLJDWLQJ
LPSRUWDQW SULQFLSOHV IRU LGHDWLRQZRUNVKRSVZLWK60(V DQG
DW IRUPXODWLQJ D ZRUNVKRS FRQFHSW LQFRUSRUDWLQJ DQG
RSHUDWLRQDOL]LQJ WKHVH SULQFLSOHV 7KXV RXU JXLGLQJ UHVHDUFK
TXHVWLRQ LV +RZ WR RSHUDWLRQDOL]H LPSRUWDQW ZRUNLQJ
SULQFLSOHV LQ WKH IX]]\ IURQW HQG RI SURGXFW GHYHORSPHQW IRU
LGHDWLRQ ZRUNVKRSV ZLWK 60(V DLPLQJ DW LGHDWLQJ QHZ
SURGXFWV DQG VHUYLFHV" 7KH DQVZHU ZLOO FRQWULEXWH WR
IRUWKFRPLQJZRUNVKRSVDQGUHVHDUFKDERXWLWHUDWLRQVLQ3'3V
7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQLVHG DV IROORZV
6HFWLRQRYHUYLHZVZRUNLQJSULQFLSOHVLQWKHIX]]\IURQWHQG
RI 3'3V %DVHG RQ WKHVH SULQFLSOHV VHFWLRQ  RXWOLQHV DQ
FRQFHSW IRU LGHDWLRQ ZRUNVKRSV ZLWK 60(V 7KLV FRQFHSW LV
DSSOLHG LQ IRXU ZRUNVKRSV DV GHVFULEHG LQ VHFWLRQ  7KH
UHVXOWVDUHVXPPDULVHGLQVHFWLRQDQGGLVFXVVHGLQVHFWLRQ
6HFWLRQFRQFOXGHV
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2. Working principles in the fuzzy front end of PDPs 
7KLVVHFWLRQSURYLGHVWKHEDVLVIRUWKHFRQFHSWRILGHDWLRQ
ZRUNVKRSV E\ UHYLHZLQJ OLWHUDWXUH UHJDUGLQJ XVHUFHQWUHG




GHVLJQ´ >@ ,W GHPDQGV WKRURXJK QHHG ILQGLQJPHWKRGV DQG
UHTXLUHV GHYHORSPHQW WHDPV WR WHVW LWHUDWLYH SURWRW\SHV
GLUHFWO\ RQ XVHUV ZKHQHYHU SRVVLEOH ,GHQWLI\LQJ WKH µUHDO¶
XVHUDPRQJVHYHUDOVWDNHKROGHUVLVDGLIILFXOWFKDOOHQJH>@
7KH VWDWHPHQW ³$OO GHVLJQ DFWLYLW\ LV XOWLPDWHO\ VRFLDO LQ
QDWXUH1HYHUJRKXQWLQJDORQH´>@LQGLFDWHVWKDWRQWKHRQH
KDQGWKHSURGXFWVKRXOGIXOILOKXPDQQHHGVDQGRQWKHRWKHU
KDQG WKH GHVLJQ SURFHVV LV D VRFLDO HQGHDYRXU LQYROYLQJ
VHYHUDOLQGLYLGXDOV
 ,WHUDWLYH3URWRW\SLQJ
3URWRW\SLQJ FDQ EH EURDGO\ OLQNHG WR WKH SXUSRVHV RI 
HYDOXDWLRQ DQG WHVWLQJ  WKH XQGHUVWDQGLQJ RI XVHU
H[SHULHQFH QHHGV DQG YDOXHV  LGHD JHQHUDWLRQ DQG 
FRPPXQLFDWLRQDPRQJGHVLJQHUV>@7KHLUGHJUHHRIPDWXULW\
PD\YDU\ZLWKGLIIHUHQWPDWHULDOVVXFKDVSDSHUSURWRW\SHVDV
ORZ ILGHOLW\ SURWRW\SHV RU 'SULQWHG SURWRW\SHV DV KLJK
ILGHOLW\RQHVHYHQWKRXJKWKHVHDWWHPSWVIRFXVRQHYDOXDWLRQ
UDWKHU WKDQ WKH VXSSRUW RI GHVLJQ H[SORUDWLRQ >@ 1HYHU
WKHOHVV WKHUH LV D VXSSRUWLYH SRVLWLYH FRUUHODWLRQ EHWZHHQ
FRPSUHKHQVLYH WHVWLQJDQGVKRUWHUSURGXFWGHYHORSPHQW WLPH
>@ 0RUHRYHU SDUDOOHO SURWRW\SLQJ OHDGV WR EHWWHU GHVLJQ
UHVXOWVZKLOHLWUHGXFHVWKHGHYHORSPHQWWLPHIXUWKHU>@
5HJDUGLQJLGHDJHQHUDWLRQDQGHYDOXDWLRQSURWRW\SHVPD\
DOVR VXSSRUW WKH WZR GLIIHUHQW NLQGV RI µGLYHUJHQW¶ DQG
µFRQYHUJHQW¶ WKLQNLQJ 'LYHUJHQW WKLQNLQJ LV ³WKLQNLQJ WKDW
PRYHVDZD\LQGLYHUJLQJGLUHFWLRQVVRDVWRLQYROYHDYDULHW\




DVVRFLDWLYH WKRXJKW DQG DQDO\WLF WKRXJKW >@ RU ODWHUDO DQG
YHUWLFDO WUDQVIRUPDWLRQV LQ WKLQNLQJ >@ $OWKRXJK PRUH
UHVHDUFKKDVEHHQGRQHDERXWGLYHUJHQWWKLQNLQJ LQFUHDWLYLW\
ZKLFKLVQHFHVVDU\IRULGHDJHQHUDWLRQLHLGHDWLRQWRGD\LW
LV ZLGHO\ DFFHSWHG WKDW FUHDWLYLW\ FRQVLVWV RI GLYHUJHQW
WKLQNLQJ DQG FRQYHUJHQW WKLQNLQJ'RZHW DO >@ IRXQG WKDW
VKDULQJPXOWLSOHGHVLJQVLPSURYHVH[SORUDWLRQJURXSUDSSRUW
DQG UHVXOWV GXULQJ SURWRW\SLQJ VHVVLRQV LH GLYHUJHQW DQG
FRQYHUJHQWZRUNLQJSKDVHV
%RWK PRGHV RI WKLQNLQJ FDQ EH HPEHGGHG LQ DQ LWHUDWLYH
F\FOH IRU WKH H[HFXWLRQ RI H[SHULPHQWV LH  GHVLJQ RQH
FRQFHLYHVRI RU GHVLJQV DQ H[SHULPHQW  EXLOG RQHEXLOGV
WKHSK\VLFDORUYLUWXDODSSDUDWXVSURWRW\SHQHHGHGWRFRQGXFW
WKH H[SHULPHQW  UXQ RQH UXQV WKH H[SHULPHQW DQG 
DQDO\VHRQHDQDO\VHVWKHUHVXOW$VH[SHULPHQWDWLRQLVXVXDOO\
DPDWWHURIUHSHDWHGWULDODQGHUURURQHPRGLILHVWKHGHVLJQDV
ORQJ DV WKH DQDO\VLV VKRZV WKDW WKH TXDOLW\ FDQ EH LPSURYHG
FRVWHIIHFWLYHO\ >@%DOODUG >@ DQG/H HW DO >@GHVFULEH
SRVLWLYH DQG QHJDWLYH LWHUDWLRQV LQ GHVLJQ ,Q WKLV FRQWH[W
HDUO\ SURWRW\SLQJ DQG WHVWLQJ VHHP SURPLVLQJ DSSURDFKHV WR
GLVFRYHU VRFDOOHG µXQNQRZQ XQNQRZQV¶ >@ >@ LH
SUREOHPV RU RSSRUWXQLWLHV ZKLFK PLJKW FDXVH LWHUDWLRQV DV
HDUO\ DV SRVVLEOH DQG WR OHDUQ DERXW XVHU QHHGV WKH SURGXFW
DQG LWV SURGXFWLRQ SURFHVV LQ RUGHU WR DYRLG FRVWO\ SLWIDOOV
6NRJVWDG DQG/HLIHU >@ UHFRPPHQGGHVLJQHUV WRPD[LPL]H
WKH SUREDELOLW\ RI JDLQLQJ LQVLJKWV E\ H[SHULPHQWLQJ ZLWK
PDQ\ LGHDV XVLQJ VLPSOH SURWRW\SHV DQG PDQDJHUV WR OHW
GHVLJQHUV H[SHULPHQW LQVWHDG RI FHQVRULQJ XQWHVWHG LGHDV
1HYHUWKHOHVV LWHUDWLRQ FDQ DOVR EH FRQFHSWXDOL]HG DV
H[SORUDWLRQ FRQYHUJHQFH QHJRWLDWLRQ UHZRUN UHILQHPHQW
DQGUHSHWLWLRQHYHQLI WKHVHSHUVSHFWLYHVDUHLQGHHGGLIIHUHQW
EXW QRQRUWKRJRQDO >@+RZHYHU GHVLJQ WHDPV VKRXOG DLP
DW HOLPLQDWLQJ UHZRUN LWHUDWLRQV DQG DW SHUIRUPLQJ GHVLJQ
LWHUDWLRQV ZLWKRXW VNLSSLQJ RI DEVWUDFWLRQ OHYHOV DV ZHOO DV
GRLQJEHKDYLRXUDOLWHUDWLRQVLQSDUDOOHO>@
 7DNLQJLWKRPH
&RPSDQLHV FDOFXODWH ZLWK WKH H[SHQVHV WKH\ KDYH WR SD\
IRUVHQGLQJHPSOR\HHVWRDQLGHDWLRQZRUNVKRSDVZHOODVWKH
RSSRUWXQLW\FRVWVRIZRUNQRWGRQHDQGORVWVDOHV7KXVWKH\
ZDQW WR NQRZ LQ DGYDQFH ZKDW FDQ EH H[SHFWHG IURP DQ
LGHDWLRQZRUNVKRS(VSHFLDOO\ IRU WUDQVIHUULQJ WKH HODERUDWHG
LGHDV EDFN LQWR WKH FRPSDQ\ SDUWLFLSDQWV ZDQW WR DFWXDOO\
FDUU\ WKHLU HPERGLHG LGHDV DQG IXQFWLRQDO SURWRW\SHV KRPH






HPERGLHG LGHD DQG DOO WKH HYLGHQFH GLVFRYHUHG GXULQJ WKH
ZRUNVKRS DQG WDNH LW RQ KRPH 0DNH LW UHDO 3ODQ DOORFDWH
UHVRXUFHVDQGLQYROYHDOOQHFHVVDU\FRUSRUDWHIXQFWLRQV>@
%DVHG RQ WKH FRQVLGHUDWLRQV RXWOLQHG DERYH ZH KDYH
HVWDEOLVKHG WKH K\SRWKHVLV WKDW XVHUFHQWUHG GHVLJQ LWHUDWLYH
SURWRW\SLQJ DQG WDNLQJ WKH ELJ LGHD KRPH DUH QHFHVVDU\
ZRUNLQJSULQFLSOHVIRULGHDWLRQZRUNVKRSVZLWK60(V
3. Concept for ideation workshops with SMEs  
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:H IRXQG LQ >@ WKDW GD\V IRU VXFK ZRUNVKRSV DUH D
JRRG EDODQFH EHWZHHQ KDYLQJ HQRXJK WLPH IRU JHQHUDWLQJ





WRUHVSRQG WR WKHLUVSHFLILFQHHGV WKHZRUNVKRS LQWURGXFWLRQ
FRPSULVHVLQIRUPDWLRQDERXWVSDFHSURFHVVWKHUHTXHVWWRSXW
WKHLUPRELOHVLQWRIOLJKWPRGHDQGDSHUVRQDOLQWURGXFWLRQRI
DOO SDUWLFLSDQWV LQFOXGLQJ WKHLU PRWLYDWLRQ DQG H[SHFWDWLRQV
6LPSOH QDPHWDJV IRU HYHU\RQH VXSSRUW WKH FRPPXQLFDWLRQ
EHWZHHQSHRSOHZKRPHHWIRUWKHILUVWWLPH
7R IUHH WKH PLQGV RI DOO SDUWLFLSDQWV DQG WR SULPH WKHP
ZLWK D FRPPRQPLQG VHW IRU WKH DW OHDVW QH[W GD\V ZH














LGHDVDERXW WKHZRUNVKRS WRSLF DQG WRJLYH WKHPD VSDFH WR
JHW ULGRISRVVLEOHFRQFHUQV UHJDUGLQJ WKH WRSLFZH OHW WKHP
ZULWHGRZQWKHLUWKRXJKWVRQEURZQSDSHU:HFDOOWKDWµEUDLQ
GXPSLQJ¶





7KLV PDS ZLOO EH XWLOL]HG WR SRLQW RXW XVHUV RI FXUUHQW
SURGXFWVVHUYLFHV SRWHQWLDO XVHUV RI IRUWKFRPLQJ SURGXFWV
DQGGHVLUDEOHXVHUVRISURGXFWVZKLFKGRQRWH[LVWVRIDU7KLV
RYHUYLHZ RYHU D ZLGH UDQJH RI XVHUV IDFLOLWDWHV IRU WKH
SDUWLFLSDQWV WR LGHQWLI\ JURXSV RI LPSRUWDQW XVHUV ZLWK D ELJ
SRWHQWLDOIRUWKHFRPSDQ\,I WKHUHDUHHQRXJKSDUWLFLSDQWVWR
VHSDUDWHWKHPLQVPDOO WHDPVRISHRSOHZHDOORZWKHP
WRDOVRFKRRVHRQHXVHU IRUZKRP LW LV MXVW IXQ WRGHYHORSD
QHZSURGXFW
6RIDUWKHSDUWLFLSDQWVZRUNHGLQGLYLGXDOO\RULQWKHJURXS
RIDOOSDUWLFLSDQWV UHVSHFWLYHO\$IWHUKDYLQJGHFLGHG IRU WZR
RUPRUHJURXSVRIXVHUVWRZRUNIRUWKHSDUWLFLSDQWVVSOLWXS
LQ VPDOO WHDPV FRQVLVWLQJ RI  SHRSOH 7KHVH WHDPV HDFK
ZRUN RQ RQH XVHU LQ RUGHU WR LGHQWLI\ KLV RU KHU LQGLYLGXDO
QHHGV 7KXV WKH WHDPV H[SORUH WKH XVHU¶V SURIHVVLRQDO DQG
VRFLDO HQYLURQPHQW LWV KDELWVZLVKHVGUHDPVDQGSUREOHPV
DQGVXPPDULHVWKHVHLQIRUPDWLRQLQDµSHUVRQD¶>@
6HFRQG WKH WHDPVDUHHQFRXUDJHG WRJDLQ µHPSDWK\¶ZLWK
WKHLU SHUVRQDV DQG WR VHHXQGHUVWDQG WKH ZRUOG DV KH RU VKH
ZRXOG GR 7KH\ JHW LQWR WKH UROH RI WKH WKHLU SHUVRQDV E\
LQWURGXFLQJKLPRUKHUWRWKHRWKHUWHDPVLQDVKRUWUROHSOD\
LQ WKH VW\OHRI ³+L ,¶P%RE WKH\HDUROG IDWKHURI0LNH




ZRUNRQ WKH µXVHU MRXUQH\¶RI WKHLUSHUVRQDVZKHQKHRU VKH
ZRXOGXVHDFXUUHQWSURGXFWVHUYLFH:KDWDUHGLVDGYDQWDJHV
SUREOHPV GUDZEDFNV RU ZRUNDURXQGV"$UH WKHUH XQVDWLVILHG
XVHUQHHGV":HFROOHFWDOOWKHVHLVVXHVLQDOLVWRIµSDLQSRLQWV¶
DQGGHWHUPLQHWKHPRVWFULWLFDORQHV
/DVW HDFK WHDPVKDOO IRFXVRQ WKH URRWFDXVHRI WKHPRVW
FULWLFDO SDLQ SRLQW RI WKHLU SHUVRQD ,V WKDW FDXVH LGHQWLILHG
HJE\DSSO\LQJWKHµZK\¶PHWKRGRUDQ,VKLNDZDGLDJUDP
DQG EDVHG RQ DOO WKH ZRUN GRQH VR IDU WKH WHDPV HDFK
IRUPXODWHRQHTXHVWLRQRQ µKRZWR¶VROYH WKLV LVVXH:HFDOO
WKLV ODVW WDVN LQ WKLV SKDVH µUHIUDPLQJ WKH WRSLF¶ UHVXOWLQJ LQ
DVNLQJWKHµULJKW¶TXHVWLRQV
 ,GHQWLI\LQJSURPLVLQJVROXWLRQV
7KHUH PLJKW EH XQFRXQWDEOH DQVZHUVVROXWLRQV WR WKH
TXHVWLRQVUDLVHGDW WKHHQGRI WKHIRUPHUZRUNVKRSSKDVH ,Q
RUGHU WR LGHQWLI\SURPLVLQJRQHV  WKH VROXWLRQVSDFH VKDOO
EHH[SORUHGDVEURDGDVSRVVLEOH µGLYHUJHQWPRGH¶ DQG 
SURPLVLQJ VROXWLRQV VKDOO EH IRXQG E\ SURWRW\SLQJ WHVWLQJ
DQGUHILQHPHQWµFRQYHUJHQWPRGH¶
7R JLYH WKH SDUWLFLSDQWV DQ LPSUHVVLRQ RI WKH ZRUNLQJ LQ
WKLV GLYHUJHQWPRGHZH VWDUWZLWK D VKRUWZDUPXSH[HUFLVH
DLPLQJ DW OHWWLQJ WKHP H[SHULHQFH WKH GRPLQR HIIHFW RI LGHD
JHQHUDWLRQ LQ WHDPV %DVHG RQ WKDW WKH WHDPV EHJLQ WKHLU
µLGHDWLRQMRXUQH\¶DQGEUDLQVWRUPDVPDQ\LGHDVDQGVROXWLRQV
WR WKHLU VSHFLILF TXHVWLRQ DV SRVVLEOH FROOHFWLQJ WKHPDV NH\
ZRUGV RU VFULEEOHV RQ SRVWLWV ,Q WKLV PRGH WKH WHDPV DUH
DVNHGMXVWWRSURGXFHQRWWRGLVFXVVRUHYDOXDWHWKHLUILQGLQJV
%HIRUH WKH WHDPV SUHVHQW WKHLU ILQGLQJV DQG WKXV VZLWFK
WKH ILUVW WLPH WR WKH FRQYHUJHQW PRGH ZH DGYLVH WKHP DW
VHL]LQJWKHIROORZLQJIHHGEDFNIRUOHDUQLQJDQGWKXVWRNHHS
WZR WKLQJV LQPLQG ILUVW WKHVH SUHVHQWLQJIHHGEDFNVHVVLRQV
VKDOO EH VKRUW DQG SUHFLVH DQG VHFRQG GLVFRXUDJLQJ
GLVFXVVLRQV DPRQJ SDUWLFLSDQWV VKDOO EH DYRLGHG 7KHUHIRUH
ZH VWUXFWXUH WKH IHHGEDFN E\ LQWURGXFLQJ GLIIHUHQW IHHGEDFN
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:LWK WKHILUVW IHHGEDFN LQPLQG WHDPVVZLWFKEDFN WR WKH
GLYHUJHQW PRGH 'HSHQGLQJ RQ WKHLU SDFH RU VWUXJJOHV ZH
LQWURGXFHWKHPWRFRQFHSWVVXFKDVµSRZHUVRIWHQ¶µWKLQNLQJ
LQ DQDORJLHV¶ µFROODERUDWLYH VNHWFKLQJ¶ RU µLQYHUWLQJ WKH
TXHVWLRQ¶,I WKH\DUHODFNLQJVRPHLQIRUPDWLRQWKH\FDQXVH
L3DGV IRU VHDUFKLQJ WKH ZHE ,I WKH\ QHHG PRUH LQSXW RU
IHHGEDFN IURP GLIIHUHQW SHRSOH WKH\ DUH HQFRXUDJHG WR
LQWHUYLHZ WRXULVWV RQ WKH FDVWOH KLOO PRVWO\ $PHULFDQV RU
SHRSOH IURP$VLDRUPHHW VRPH ORFDOV LQ WKHFLW\FHQWUH ,I
WKH\ZDQW WR HPERG\ WKHLU LGHDV LQ WDQJLEOHSURWRW\SHV WKH\
DUHLQYLWHGWRXVHDYDULHW\RIPDWHULDOVDQGWRROVLQWKHVRIW
SURWRW\SLQJ VSDFH FDOOHG µ$WHOLHU¶ 7KHUH WKH PDWHULDOV DUH
SUHVHQWHG LQVSLULQJO\ LQ WUDQVSDUHQW ER[HV DQG RSHQ VWRUDJH
UDFNV DQG DOO WRROV DUH LQ UHDFKLQJ GLVWDQFH WR WKH ZRUNLQJ
EHQFKHV /DWHU RQ LI WKHLU LGHDV DUHPRUH FRQFUHWH WKH\ FDQ
DOVR XVH KDUGSURWRW\SLQJ PDFKLQHV VXFK DV D PLWUH VDZ D
GULOOLQJ PDFKLQH DQ LQGXVWULDO VHZLQJ PDFKLQH RU D ODVHU
FXWWHULQWKHµ0DFKLQHVKRS¶
'XULQJ WKLV ZRUNVKRS SKDVH WKH WHDPV DOWHUQDWH EHWZHHQ
WKH GLYHUJHQW DQG FRQYHUJHQW ZRUNLQJ PRGHV LH WKH\
JHQHUDWH LGHDV DQG EXLOG SURWRW\SHV DQG WHVW WKHVH LQWHULP
UHVXOWV LQ SUHVHQWDWLRQV WKURXJKRXW WKH GD\ 7KH IHHGEDFN




IHDWXUHV WKDW VDWLVI\ WKHVH QHHGV 0RUHRYHU WKH\ VKRXOG EH
DEOH WRFRPPXQLFDWH WKHVH LGHDV LQDFRQYLQFLQJZD\7KXV
WKHWHDPVDUHHQFRXUDJHGWRSURGXFHDSOD\SLWFKSUHVHQWDWLRQ
LQDYLHZWRSXEOLFDSSHDORQVWDJH,WVKDOODGGUHVVWKHµZK\
KRZ DQG ZKDW¶ LQ WKLV RUGHU >@ RI WKHLU YLVLRQV DQG
WKHUHIRUH FRPSULVH D VLWXDWLRQ ZLWK WKH SHUVRQDV¶ QHHG
DSSHDUDQFHWKHSURGXFWDSSOLFDWLRQDQGWKHUHVXOWLQJEHQHILWV
IRU WKHSHUVRQD%HLQJDEOH WR WHOO WKHVHFRKHUHQW VWRULHV WKH
WHDPVDUHFRQYLQFHGKDYLQJLGHQWLILHGSURPLVLQJVROXWLRQV
 *HWWLQJWKLQJVGRQH
$FFRUGLQJ WR WKH VD\LQJ ³DQ LGHD LV RQO\ DV JRRG DV LWV
LPSOHPHQWDWLRQ´ WKH ODVWSKDVHDLPVDWSUHSDULQJ WKH60(V¶
QH[W VWHSV IRU LPSOHPHQWLQJ WKH JHQHUDWHG UHVXOWV DQG DW
GLUHFWLQJ DWWHQWLRQ WR SRVVLEOH FKDQJHV LQ WKH 60(¶V
RUJDQLVDWLRQ EDVHG RQ WKH ZRUNVKRS 7KHUHIRUH WKH WHDPV
QHHG ILUVW WR HQYLVLRQ ZKDW WKH\ ZDQW WR DFKLHYH ZLWKLQ WKH







D IDPRXV 6ZLVV QHZVSDSHU ,Q RUGHU WR FUHDWH FRPPLWPHQW
DPRQJ WKH WHDPPHPEHUV WKH DUWLFOHV JHW D WLPHVWDPS LH
DUHGDWHGRQWKHZRUNVKRSGDWHLQWKHIROORZLQJ\HDU




GHYHORSPHQW SURFHVV :LWK WKLV RYHUYLHZ RQ WKH RQH KDQG
DQG ZLWK KDYLQJ HQWHUHG LQWR WKH FRPPLWPHQW RI WKH
QHZVSDSHU DUWLFOH RQ WKH RWKHU KDQG LW LV UHODWLYHO\ HDV\ IRU
WKHSDUWLFLSDQWVWRGHGXFHWKHQH[WVWHSVLQWKH3'3
%HVLGHV WKH UHVXOWV IRU WKHRUJDQLVDWLRQ WKHSURGXFW LGHDV
DQG WKH SODQ KRZ WR GHYHORS WKHP IXUWKHU WKH ZRUNVKRS
PLJKWDOVRKDYHLQGXFHGVRPHLQVLJKWVIRUWKHSDUWLFLSDQWV7R










4. Workshop execution and data gathering  
7KLV VHFWLRQ VXPPDULVHV KRZZHSUHSDUHG DQG FRQGXFWHG





H[SHFWDWLRQV DQG HQDEOH FRQYLQFLQJ ZRUNVKRS UHVXOWV 7KH\
KDYH WR ILJXUH RXW ZKHWKHU WKH ZRUNVKRS FRQFHSW LV
DSSURSULDWHWRWKH60(¶VVLWXDWLRQDQGJRDOVDQGZKHWKHUWKH




FUHDWLYH FRPSHWHQFH >@ IDFLOLWDWHV DQ HVWLPDWLRQ DERXW WKH
SRWHQWLDO LPSDFW RI WKH ZRUNVKRS RQ WKH 60(¶V LQQRYDWLRQ
FDSDELOLWLHV ,QDGGLWLRQ WR WKDW ±DQGRI VWUDWHJLF LPSRUWDQFH
WR WKH 60( ± LV WKH GHILQLWLRQ RI WKH µZRUNVKRS WRSLF¶ DV
VWDUWLQJ SRLQW RI WKH LGHDWLRQ MRXUQH\ $V WKH SDUWLFLSDQWV
JHQHUDWH DOO UHVXOWV WKH VWDIILQJ VKRXOG HQVXUH KHWHURJHQHLW\
UHJDUGLQJ H[SHULHQFH UHSUHVHQWHG IXQFWLRQV DQG DJH RI WKH
SDUWLFLSDQWV 7KH &(2¶V DWWHQGDQFH GXULQJ WKH ZRUNVKRS LV
SUHUHTXLVLWH DV KH RU VKH DFWV DV D VSRQVRUZLWK EXGJHW DQG
LPSOHPHQWDWLRQ FRPSHWHQFHV DIWHUZDUGV $OO WKHVH LVVXHV
ZHUHGLVFXVVHGLQEULHILQJVSULRUWRWKHZRUNVKRSV
 ([HFXWLRQRIWKHIRXULGHDWLRQZRUNVKRSV
:H REVHUYHG IRXU ZRUNVKRSV HDFK ZLWK D GLIIHUHQW
RUJDQLVDWLRQ WKUHH 60(V ZLWK DERXW  VWDII WKDW DUH
SURGXFLQJ HTXLSPHQW IRU KRXVHKROGV DQG RIILFHV DQG D
EXVLQHVVZRPDQ ZKR LGHQWLILHG D QHHG RQ SXEOLF HYHQWV DQG
EURXJKW WRJHWKHU VHYHQ IUHHODQFHUV DQG EXVLQHVV SDUWQHUV
7KXVSDUWLFLSDQWV UHSUHVHQWLQJGLIIHUHQWEXVLQHVVDUHDV
VXFK DV PDUNHWLQJ 5	' SURGXFWLRQ VDOHV« ZRUNHG
WRJHWKHU IRU  GD\V JXLGHG E\  RXW RI  PRGHUDWRUV
ZLWK H[SHULHQFH DV LQGXVWULDO GHVLJQHU HQWUHSUHQHXU DQG
252   Johannes Heck et al. /  Procedia CIRP  36 ( 2015 )  248 – 253 
LQQRYDWLRQPDQDJHU DQG DPDQDJHPHQW FRQVXOWDQF\¶V&(2
UHVSHFWLYHO\
,Q WZR ZRUNVKRSV ZH LQFOXGHG D VKRUW H[HUFLVH $OO
SDUWLFLSDQWV ZHUH DVNHG WR IRUP D OLQH LQ RUGHU RI WKHLU






'XULQJ WKH LGHDWLRQ ZRUNVKRSV ZH ZURWH D WLPH ORJ
SDJHV LQFOXGLQJ REVHUYDWLRQV EDVHG RQ WKH $(,28
IUDPHZRUN $FWLYLW\ (QYLURQPHQW ,QWHUDFWLRQ 2EMHFW DQG
8VHU >@ $GGLWLRQDOO\ ZH ILOPHG WKH SDUWLFLSDQWV¶
SUHVHQWDWLRQV DQG WRRNSKRWRVGXULQJ WKHLUZRUNLQJ VHVVLRQV
:H FROOHFWHG WKH TXDOLWDWLYH IHHGEDFN RI DOO SDUWLFLSDQWV
GLUHFWO\ DIWHU WKH ZRUNVKRSV DQG FRQGXFWHG VHPLVWUXFWXUHG
LQWHUYLHZV ZLWK WKH &(2V D IHZ ZHHNV DIWHUZDUGV
LQYHVWLJDWLQJWKHLPSDFWRIWKHZRUNVKRSRQWKHRUJDQLVDWLRQ
7ULDQJXODWLQJWKHGDWDOHDGVWRWKHIROORZLQJUHVXOWV
5. Results  
7KH UHVXOWV DUH SUHVHQWHG LQ WKUHH VHFWLRQV ILUVW WKH
ZRUNVKRS SURJUHVVHV DUH VXPPDULVHG DQG NH\ HYHQWV
KLJKOLJKWHGVHFRQGWKHSDUWLFLSDQWV¶IHHGEDFNLVVXPPDULVHG
DQG WKLUG WKH IHHGEDFNRI WKH&(2VLQGLFDWH WKHZRUNVKRS¶V
LPSDFWRQWRWKHLURUJDQLVDWLRQV
 :RUNVKRSSURJUHVVHVDQGNH\HYHQWV
$OO ZRUNVKRSV IROORZHG URXJKO\ WKH DERYH GHVFULEHG
FRQFHSW HYHQ WKRXJK WKHUH ZHUH GHYLDWLRQV LQ WKH WLPH
FRQVXPSWLRQ IRU VLQJOH WDVNV$VZH VSOLW WKH SDUWLFLSDQWV LQ
VPDOOWHDPVWKH\VRPHWLPHVZRUNHGRQGLIIHUHQWWDVNVZKHQ
RQH WHDP ZDV IDVWHU WKDQ DQRWKHU %XW DOORZLQJ WKHVH
GLIIHUHQFHVZDVDSSUHFLDWHGDVµLQGLYLGXDOLVHGPRGHUDWLRQ¶
$WWKHHQGRIWKHILUVWSKDVHVRPHWHDPVZHUHVDWLVILHGWR
NQRZ µZKDW WKH\ DUH ORRNLQJ IRU¶ LQ WKH QH[W SKDVH 7KLV
HPRWLRQDO VWDWH ZDV D FRQYHQLHQW PRPHQW WR ILQLVK WKH
ZRUNLQJGD\DQGWRVWDUWWKHQH[WSKDVHRQWKHIROORZLQJGD\
+RZHYHUWKLVZDVQRWSRVVLEOHLQDOOFDVHVDVRQHZRUNVKRS
VWDUWHG LQ WKH DIWHUQRRQ DQGKRXUVZRXOGKDYHEHHQ WRR
VKRUW IRU WKH ILUVW SKDVH DQG DQRWKHUZRUNVKRSZDV GXH WR
WKHKXPDQUHVRXUFHDYDLODELOLW\ZLWKLQWKH60(FRPSUHVVHG
LQWRGD\V,QJHQHUDOWKHHPRWLRQDOVWDWHRIWKHSDUWLFLSDQWV





GD\ ZKHQ WKH WHDPV KDG IRXQG DSSURDFKHV WR VROYH WKHLU
SUREOHPVDQVZHUV WR WKHLU TXHVWLRQV DQG ZHUH EXLOGLQJ
SURWRW\SHV WR FRPPXQLFDWH WKHLU LGHDV DQG WR OHDUQ IURP WKH




GHYHORSHG FUHDWLYH LGHDV SDUWLFLSDQWV SRVLWLYHO\ SRLQWHG RXW
WKH PRGHUDWLRQFRDFKLQJ ZHOO VWUXFWXUHG VSRQWDQHRXV
IOH[LEOH DQG FRPSHWHQW DQG KLJKOLJKWHG WKH SRVLWLYH WHDP
G\QDPLFVGXULQJWKHGD\V$OVRWKHVSDFHLWVHOILVQRWLFHG
SRVLWLYHO\
0RUH LQ GHWDLO WKH SDUWLFLSDQWV UHIOHFWHG WKH ZRUNVKRSV¶
SURJUHVVWKHLWHUDWLYHDSSURDFKDQGWKHSURWRW\SLQJ7KH\GLG
QRW WKLQN WKDW WKH\ FRXOG UHDOLVH QHZ SURGXFW LGHDV DQG
SURWRW\SHV WKDW TXLFNO\ DQG HDVLO\ 2QH VDLG ³,I \RX KDYH
EHHQLQWKHZURQJGLUHFWLRQ±VRZKDW±DIWHUDQKRXU\RXDUH
EDFN RQ WUDFN´ )XUWKHUPRUH WKH XVHUFHQWUHG DSSURDFK WKH
SRVLWLYHPLQGVHW ³WKLQN LQFKDQFHVQRW LQULVNV´ WKHZK\
KRZZKDW FRQFHSW DQG WKH GLVFXVVLRQ DERXW WKH µHPRWLRQDO
FXUYH¶KHOSHGWKHPDQGZLOOEHWDNHQKRPH
 &(2V¶HYDOXDWLRQDQGZRUNVKRSLPSDFWRQWRWKH60(V
&(2 7KH ZRUNVKRS H[FHHGHG WKH H[SHFWDWLRQV RI DOO
SDUWLFLSDQWV 'XULQJ WKH SURWRW\SLQJ VHVVLRQV RQ WKH VHFRQG
GD\WKHSDUWLFLSDQWVZHUHWUXO\ LQDVWDWHRIIORZ'XHWRWKH
SRVLWLYHVSLULWHYROYHGWKH\ZDQWWRDGRSWVRPHPHWKRGVVXFK
DV UDGLFDO XVHUFHQWUHG GHVLJQ KLJKVSHHG LWHUDWLRQ F\FOHV
OHDQSURWRW\SLQJ DQG WKH VWUXFWXUHG IHHGEDFN $GGLWLRQDOO\
WKH\ZDQWWRLQWHJUDWHDSURWRW\SLQJURRPRQWKHLUVLWHLQWKHLU
3'37KHHQYLVLRQHGSURGXFWVZLOOEHGHYHORSHGIXUWKHU±WKH
QH[W PLOHVWRQHV DUH DOUHDG\ QDLOHG GRZQ 5HFHQWO\ ILYH
PRQWKV DIWHU WKHZRUNVKRSZH UHFHLYHG DQ HPDLO WKDW WKH\
DUH XVLQJ WKHLU SURWRW\SLQJ URRP TXLWH IUHTXHQWO\ DQG WKDW
WKH\ ZLOO FRQGXFW DQ LGHDWLRQ ZRUNVKRS ZLWK DQ ,WDOLDQ
FRPSDQ\RIVHYHUDOGD\V¶GXUDWLRQ
&(27KHH[SHFWDWLRQPDQDJHPHQWGLGQ¶WZRUNWKDWZHOO
± KHZDV QRW DZDUH WKDW WKHZRUNVKRSZRXOG RQO\ FRPSULVH
WKH LGHDJHQHUDWLRQ IRUQHZSURGXFWV DQGQRWHODERUDWH WKHLU
3'3 GLVFRYHULQJ SRWHQWLDOV DQG VXJJHVWLQJ EHVW SUDFWLFH IRU
LPSURYHPHQW'XULQJ WKHZRUNVKRS WKH LWHUDWLRQVZHUHDELW
WRR IDVW 7KHRU\LQSXWV VKRXOG EH VKRUW DQG PRUH µDSSOLHG¶
7KHSDUWLFLSDQWVZHUHQRWXVHG WRJLYHDQGUHFHLYHIHHGEDFN
WKHUHIRUH WKH IHHGEDFN UROHV ZHUH QRW WKDW PXFK DFFHSWHG
1HYHUWKHOHVVWKHDWHOLHUDQGPDFKLQHURRPZHUHD³SDUDGLVH´




VLWH DQG EHOLHYHV LQ WZR RI IRXU SURGXFW LGHDV WKDW ZLOO EH
GHYHORSHGIXUWKHU
&(2 6L[ ZHHNV DIWHU WKH ZRUNVKRS WKH SURGXFW LGHDV
ZHUHSUHVHQWHG WR WKHPDQDJHPHQWERDUGDQG UHFHLYHGD JR
GHFLVLRQ IRU WKH VWDQGDUG SURGXFW GHYHORSPHQW SURFHVV
)XUWKHUPRUH RQH LGHD VKDOO EH VWDJHG RQ DQ LPSRUWDQW
LQGXVWULDO IDLU LQ DERXW D \HDU WR VWXG WKHLU YLVLRQZLWK WKHLU
EUDQG :LWKLQ WKH FRPSDQ\ WKH ZRUNVKRS SDUWLFLSDQWV
SUHVHQWHG WKHLU ZRUNVKRS H[SHULHQFHV DQG OHDUQLQJV WR WKHLU
FROOHDJXHVDQGDOVRRQDSHUVRQDOQRWHWKH\VHHPKDSS\7KH
&(2 VWDWHV IRU KLPVHOI ³)RUPH LWZDV D JUHDW WLPH , DOVR
OHDUQHG D ORW $QG , DP JUDWHIXO WKDW ZH FRXOG SDUWLFLSDWH´
0RUHRYHU KH UHFRPPHQGHG WKH LGHDWLRQZRUNVKRSV DW7KXQ
FDVWOHWRDQRWKHUFRPSDQ\KHLVLQFORVHFRQQHFWLRQZLWK
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6. Discussion 
6RIDURXUUHVXOWVEDVHRQRQO\IRXUZRUNVKRSV+RZHYHU
ZH FDQ VWDWH WKDW WKH EULHILQJV SULRU WR WKH ZRUNVKRSV DUH
QHFHVVDU\ IRU WKH H[SHFWDWLRQ PDQDJHPHQW WRSLF GHILQLWLRQ
DQG SDUWLFLSDQWV VHOHFWLRQ 7KH GDWD WULDQJXODWLRQ IURP
REVHUYDWLRQVYLVXDOGDWD VXFKDVPRYLHVDQGSKRWRVDVZHOO
DVWKHIHHGEDFNRISDUWLFLSDQWVDQG&(2VZDVDSSURSULDWHIRU
WKLV TXDOLWDWLYH UHVHDUFK ,Q WKH ORQJ UXQ ZHZLOO EH DEOH WR
FRQGXFW XS WR  ZRUNVKRSV\HDU LH H[SHULPHQWV ZKLFK
ZLOO DOVR UHTXLUH DGDSWHG GDWD DFTXLVLWLRQ %\ WKHQ ZH FDQ
GHULYHUHVHDUFKLQVLJKWVIURPKDUGGDWDRIDODUJHGDWDVHW
5HJDUGLQJ WKH VWDWHG K\SRWKHVLV WKH DSSOLHG ZRUNVKRS
FRQFHSWHQDEOHVSDUWLFLSDQWVWRIRFXVRQXVHUQHHGVIDFLOLWDWHV
H[SORULQJ DQG WHVWLQJ SURGXFW LGHDV DQG VLPSOH WDQJLEOH
SURWRW\SHV DQG SUHSDUHV WKH IXUWKHU GHYHORSPHQW RI WKH
SURGXFW LGHDV ZLWKLQ WKH FRPSDQ\ 7KXV WKH ZRUNVKRSV
FRQFHSWFDQEHXWLOLVHGIRUFRQGXFWLQJH[SHULPHQWVUHJDUGLQJ
WKHRYHUDOOUHVHDUFKLQWHUHVWDERXWLWHUDWLRQVLQ3'3V
7KH IROORZLQJ SRWHQWLDO UHVHDUFK TXHVWLRQV HPHUJHG DQG
PLJKWEHDGGUHVVHGLQIXWXUH:KLFKLPSDFWGRLWHUDWLRQVKDYH
LQLGHDWLRQZRUNVKRSVDQGZKLFKLPSDFWGRWKH\KDYHZLWKLQ
WKH3'3RI60(V":KDWKDSSHQV LI DOO EXVLQHVV DUHDVZRUN
WRJHWKHU LQ WKH IX]]\ IURQWHQGRI3'3DQGKRZ LV WKH3'3
SHUIRUPDQFH LQIOXHQFHGE\VHYHUDO WHDPVZRUNLQJRQD WRSLF
DW WKH VDPH WLPH" :KDW GULYHV WKH JURXS G\QDPLFV LQ DQ
LGHDWLRQZRUNVKRS DQG KRZ HIIHFWLYH LV WKH VNLOO WUDLQLQJ RI
WKH GHVLJQ WKLQNLQJ PHWKRGV IRU IXUWKHU DSSOLFDWLRQ LQ WKH
60(" &DQ RQH PHDVXUH GLIIHUHQW HPRWLRQDO VWDWHV" +RZ WR
PHDVXUH IORZ DQG KRZ WR LQIOXHQFHLQFUHDVH LW":KDW LV WKH
UHODWLRQVKLS EHWZHHQ WHVWLQJ DQG IHHGEDFN DQG ZKDW LPSDFW
KDV WKH VWUXFWXUHG IHHGEDFN ZKDW LV WKH PRVW SURPLVLQJ
FRPELQDWLRQ RI GLIIHUHQW UROHV" )XUWKHUPRUH WKH UHVHDUFK
SURMHFW ZLOO LQYHVWLJDWH WKH LQQRYDWLRQ FDSDELOLW\ RI 60(V
EHIRUH DQG DIWHU SDUWLFLSDWLQJ LQ DQ LGHDWLRQ ZRUNVKRS WR
PHDVXUHWKHLPSDFWRIVXFKDQLQWHUYHQWLRQ
7. Conclusion  




WKH ZRUNVKRS FRQFHSW DQG WR JHQHUDWH DQG UHILQH IXUWKHU
UHVHDUFK TXHVWLRQV DQG K\SRWKHVHV WKDW ZLOO EH WHVWHG LQ
IRUWKFRPLQJZRUNVKRSV
7KHQH[W VWHSV LQ WKH UHVHDUFKSURMHFWDUH$VVRRQDV WKH
PHGLHYDO FDVWOH LV UHIXUELVKHG ZH ZLOO IXUWKHU DGDSW RXU
ZRUNVKRS DQG LQWHULRU GHVLJQ FRQFHSW 0RUHRYHU VHYHUDO
PHDVXUHPHQW WRROV ZLOO EH WHVWHG DJDLQVW WKHLU XVHIXOQHVV
UHJDUGLQJ RXU UHVHDUFK LQWHUHVWV VXFK DV WKH LPSDFW RI VKRUW
LWHUDWLRQF\FOHVLQWKHIX]]\IURQWHQGRISURGXFWGHYHORSPHQW
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